The large literature on the human vomeronasal organ (VNO) offers little consensus as to its persistence in the adult. We have already documented the existence of the VNO from embryonic day 33 through the neonatal stages. This has now been extended to human adults : 27 cadaver nasal septa, aged 2-86 y, were either dissected or decalcified, serially sectioned, stained and examined. The consistent presence of the VNO is reported as a homologue, in the form of a duct-like structure on the nasal septum at all ages. Also reported are size variability, pronounced bilateral asymmetry, a nonchemosensory pseudostratified ciliated epithelium with considerable structural variation and generally without medial-lateral differentiation, nasal septal glands opening into the VNO lumen, a lack of correlation between postnatal age and VNO size, visualisation of the human VNO with certainty by histological means alone, and a minute opening as its only visible surface feature. The human VNO is a discrete structure that should not be confused with the nasopalatine fossa, the septal mucosal pits or VNO openings.
Sadler, 2000) have either described the VNO incorrectly or stated that it is not present in the human adult. In addition, investigators including GarciaVelasco & Mondragon (1991) , Takami et al. (1993) , Berliner et al. (1996) , Monti-Bloch et al. (1998 a, b) , Grosser et al. (2000) and Jahnke & Merker (1998 , 2000 have drawn conclusions concerning the physiology and pharmacology for a structure they probably misidentified as the human VNO in the living subject. Our studies indicate that the erroneously reported location and attributes of the VNO have created confusion.
Earlier, we investigated the prenatal development of the human VNO and determined that it is present at all stages, and corroborated the reports of Johnson et al. (1985) and Sherwood et al. (1999) . We report here our findings concerning the frequency, morphology and possible function of the VNO in humans from infancy to the 9th decade in life. Part I of the study (Bhatnagar & Reid, 1996) dealt with historical perspectives and part II examined prenatal development. Table 1 lists the series of specimens examined by gross dissection, beginning with a newborn and a 2-y-old infant and extending to an 86-y-old cadaver. No cadavers for younger age groups were available. The entire nasal septum was removed from each cadaver using a bone saw, and the tissue blocks were reduced superoinferiorly. Specimens were decalcified using formic acid decalcifier (details in Bhatnagar & Kallen, 1974 ; Smith et al. 1997 Smith et al. , 1998 . After routine embedding in Paraplast, coronal serial sections (10, 20, or 25 µm) were cut and stained with haematoxylin-eosin (H & E), periodic acid-Schiff (PAS), Alcian blue (AB), PAS -AB or the one-step Gomori trichrome procedure. Each series was examined for the light microscopic structure of the vomeronasal organ and selected sections were photographed. In addition to the 19 specimens listed in Table 1 (Figs 1-3 ), 8 other septa were dissected and grossly examined for the VNO openings. These septa were not subjected to serial histology.
  


Location of the VNO opening
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" Mangakis (1902) has reported an adult human VNO to be 6n2 cm long. He provides a sketch and other dimensions and shows this structure extending all the way to the posterior choanae (such lengths, if true, would be unnatural and pathologic for the human VNO).
# Usually the right and the left VNO are at the same height with respect to the dorsal tip of the respective paraseptal cartilage (PC) ; therefore, measurements were taken only on the right side.
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in the cadaver (Fig. 3) . Grossly, depressions were observed on the antero-inferior region of the septal mucosa in 14 of the 19 cadaveric septa. The depressions (fossae) were observed from about 7-10 mm above the palatal mucosa and from 10 to 20 mm posterior to the anterior nasal spine (the latter located by dissection). Two of these specimens were examined with a dissecting microscope and small apertures, from about 0n5 to 1n4 mm in vertical diameter could be seen at the posterior margin of the fossae (Fig. 3 a) . In a recent retrospective analysis, we found that not all of the observed septal fossae related to actual VNO openings.
The vomeronasal organ
The VNO was variable in form (Figs 1-4). The thickness of the epithelium was variable both medially and laterally, and comprised tall cells with discontinuous cilia on their free surface. The epithelium (VNE) consisted of tall ciliated columnar cells, primarily of 2 types : one with round to oval nuclei at their base and the other with apically placed oval nuclei. Basal and goblet cells were also present. Thus a clear view of 2 rows of nuclei, as in a pseudostratified epithelium one above the other, was a typical feature. There was considerable individual variation in structure. In rare instances, stratified epithelium, or low cuboidal and ciliated columnar epithelium lined the VNO. The VNO lumen usually was compressed laterally and elongated supero-inferiorly. The lumen was mostly continuous ; it rarely divided into chambers. VNO lumina contained mucus, blood, and occasionally some particulate matter. No chemoreceptor cells were observed and there were no nerve fibres or nerve bundles related to the VNO epithelium in the submucosa except for some myelinated axons that appeared unrelated to the epithelium (Fig. 2 f ) . Numerous compound or simple tubuloacinar seromucous glands opened through the VNO epithelium into the lumen. Unlike VNO neuroepithelium (e.g. in the mouse lemur Microcebus), the human VNO epithelium lacks the following characteristics (see Table 2 ) : VNO neuroreceptor cells with large round nuclei, supporting cells, tall and brush-like bushy and long microvillar clumps, medial to lateral differentiation of the VNO epithelium, encasing by a VN cartilage, and an unmyelinated nerve net at the epithelial base. The presence of discontinuous ciliary patches on the epithelial apices was unlike any other mammalian VNO.

A definition of the human VNO is problematic. Typically, a VNO exhibits part nonciliated, olfactory-like neurosensory epithelium organised superomedially, and part ciliated respiratory-like epithelium laterally, surrounding a lumen that leads to the nasopalatine duct. This tubal structure is enclosed in a cartilaginous capsule. The adult human VNO exhibits none of these characteristics. The presence of neuronal cells in the fetal human VNO has been reported, these disappearing later (Boehm & Gasser, 1993) . This appearance and disappearance of neuronal cells in VNO development remains unprecedented for any other mammalian VNO, unless studies of the developing VNO in the chimpanzee might prove to be corroborating. The structure in the human may still be considered a VNO, since it is a true homologue of the VNO in other species . To clarify this situation, we propose the terms ' chemosensory VNO ' and ' nonchemosensory VNO ' for structures with or without the neurosensory epithelium, respectively. Zbar et al. (2000) have proposed a ' classification schema for the vomeronasal organ in humans. ' Their study was based on identifying the ' VNO lumen ' (actually septal mucosal pits ; see their figure 2) which they reported as the VNO proper. Of the 253 human subjects they examined, only 6 % possessed a VNO (i.e., the ' VNO lumen '), a result at variance with our data. Thus Zbar et al. (2000) were proposing the septal mucosal pits as 4 classes of human VNO : class I, VNO absent ; class II, VNO lumen 2 mm ; class III, VNO lumen 2 mm; class IV, multiple ipsilateral VNO lumina. These investigators were unable to find examples of class I and IV. Because no VNO lumen exists on the septal surface, class II and class III VNO designations seem misconstrued. Despite, a careful study, the proposals made by Zbar et al. (2000) appear to be inapplicable.
Most earlier studies of human have dealt with the fetal VNO, which retains some of the features seen in other animals ( . The human VNO, however, is a deeper structure within the septum which most often has no identifiable surface features. This explains why the variable reports of incidence which relied only on gross indicators (e.g. Garcia-Velasco & Mondragon, 1991 ; Gaafar et al. 1998 ; Zbar et al. 2000) failed to locate the VNO ; even studies using nonserial histology provided inconsistent and sometimes uncertain data. Our findings show that the VNO is always present even when its opening is either invisible or cannot be traced.
A fossa located anteriorly in the gutter-like nasopalatine recess, at the base of the nasal septum, the nasopalatine fossa, has been called the vomeronasal pit. The VNO has been described as opening into this pit (Goss, 1972) , but this fossa and the VNO are unrelated. From an extensive study of 1000 human subjects (Garcia-Velasco & Mondragon, 1991) , the only conclusion offered was that the VNO was observed in almost every subject, but no methodological details were given. Stensaas et al. (1991) observed vomeronasal pits in 410 subjects and examined the so-called vomeronasal epithelium by electron microscopy. Whether this epithelium came from the VNO, nasopalatine fossa or septal mucosal pits is unclear because the samples were obtained based on surface observations rather than serial sections through the anterior nasal septum. Moran et al. (1991, 1995) located the VNO openings ' 1 mm Fig. 1 . Gomori trichrome, section thickness 10-25 µm. Scale bars : a, 1n2 mm; a inset, 125 µm; b, 1n6 mm; b inset, 800 µm; c, 2n8 mm; c inset, 100 µm; d, 1n2 mm; d inset, 125 µm; e, 1 mm ; e inset, 50 µm; f, 1n2 mm; f inset, 100 µm; g, 3n6 mm; g inset, 100 µm; h, 2 mm ; h inset, 150 µm; i, 1n2 mm; i inset, 200 µm; j, 2 mm ; j inset, 150 µm; k, 1n8 mm; k inset, 100 µm; l, 2 mm ; l inset, 150 µm.
above the floor of the nose ' and Zbar et al. (2000) gave this distance as 1-3 mm.
This location is incompatible with our measurements of the VNO in relation to paraseptal cartilage distance, which are much greater (Table 1) , demonstrating that the VNO is located much higher than 1-3 mm above the floor of the nasal cavity. The distance of 1-3 mm is more compatible with the . Such studies have reported an incidence for the VNO from 6 to 100 %. Although this discrepancy probably relates to differences in criteria, as suggested by Zbar et al. (2000), we believe it also includes the identification of the several unrelated structures as the VNO since such studies have yielded multiple histological descriptions of cadaver or biopsied tissues which have often not represented the true VNO. Some authors depicted ' vomeronasal ' epithelia which were much thinner and stratified (Gaafar et al. 1998 ; Won et al. 2000 ) compared with our findings that were derived from serial sections. We have previously reported contrasting descriptions regarding glands and cilia in the human VNO epithelium (Roslinski et al. 2000) , for which various authors have provided a variety of pictorial and written descriptions (e.g. Stensaas et al. 1991 ; Moran et al. 1995 ; Gaafar et al. 1998 ; Trotier et al. 2000) . These various conflicting results reflect the difficulty of gross or even magnified methods of surface visualisation of the VNO. Gaafar et al. (1998) went as far as reporting that ' VNOs were seen by the naked eye in 32 subjects (16 %) '.
From this account, it is clear that (1) the human VNO epithelial tube itself cannot be observed grossly in a living subject or a cadaver ; (2) it can only be identified histologically in a serially sectioned nasal septum (Merkel, 1892 ; Ishimitsu, 1958 ; Chouard et al. 1972 ; Johnson et al. 1985 ; ) Tables 1,  2) ; (5) among all species studied the VNO is incongruous, and even bilaterally asymmetric in the human. It is highly variable in anteroposterior length and microstructure (Figs 4-6) . In 2-86 y old subjects 80 % of the VNOs were greater than 3 mm long, and the longest known fetal VNO was 3 mm , prompting us to infer that most VNOs grow in length after birth (Table 1, Fig. 6 ).
Similarities in the opening of the human VNO and of the nasal septal gland ducts in several species of bats (Myotis, Bhatnagar & Kallen, 1974 ; Brachyphylla, Bhatnagar 1980 ; Eptesicus, Reep & Bhatnagar, 2000) suggest that the human VNO may function as a duct for the anterior nasal septal glands. There are, however, dissimilarities between the histology of the human and bat VNOs. In the bat species mentioned above, there is a clear single-celled, nonciliated ductal squamous epithelial structure, whereas in humans the VNO epithelium is pseudostratified and ciliated. The mediolateral differentiation of the fetal vomeronasal epithelium denoting the presence of chemoreceptors and the transient accessory olfactory bulb (Humphrey, 1940) in man, and the presence of these structures in other bats serve only as analogues, not Opening of the VNO Microscopic (rarely large) opening into the nasal cavity (Fig. 3 c, d ) Always present VNN None Thick VNN AOB Never found (Bhatnagar et al. 1987 ; An AOB is always present (Frahm & Bhatnagar, 1980) A functional chemosensory organ where essentially all components are retained equally in both sexes AOB, accessory olfactory bulb ; RFE, receptor-free epithelium ; VNE, vomeronasal epithelium ; VNN, vomeronasal nerve ; VNNE, vomeronasal neuroepithelium. a The lemur Microcebus was studied since it belongs to a primate group (Prosimii or Strepsirchini) in which the VNO shows complete development of the entire complex, from the peripheral receptor organ to its central terminus, the accessory olfactory bulb. This facilitated the comparison of VNO development with human condition, where the fetal VNO develops initially into a sensory structure at par with Microcebus, but does not progress beyond a certain stage, begins to lose its few chemoreceptors, ultimately losing them all. After birth it transforms into a simple, multilayered psuedostratified ciliated epithelial ductlike structure which is oriented vertically. This structure continues to grow with the facial development and it is retained in the adult throughout life. b Bar-shaped PCs symbolise either an absent or nonchemosensory VNO (see Bhatnagar, 1980 ; Buttery et al. 2000) . These bar-shaped PCs have been reported in all species where VNO is either absent or nonchemosensory (Smith et al. 1998 ; . c Since glands are observed surrounding VNOs in all species, including the human, whether, chemosensory or not (Roslinski et al. 2000) , it can be argued that the VNO in many vertebrates serves partly as a major duct for the glandular complex ; the neurosensory epithelium developed (with the exception of human and some bats) as a part of this ductal epithelium for chemosensory function. fig. 7C ), and its presence in mammals with chemosensory VNO (bb, after Bhatnagar & Kallen, 1974, fig. 28 ). Note the relative position of the vomeronasal complex components in the nonchemosensory VNO (human) compared with a chemosensory organ (bat). Refer to homologues. An extensive system of secretions is required to keep the mucous membranes of the nasal cavity moist. The VNO is an ideal conduit for the seromucous secretions from the surrounding glands to reach the anterior parts of the nasal cavity. For VNO investigators the term vomeronasal organ has always meant a chemosensory structure. The human VNO, lacking neural elements in the adult but with trigeminal and terminal nerve ramifications intact, is not chemosensory, but transports seromucous secretions of the surrounding nasal septal glands, a suggestion put forward as early as in 1813 by Jacobson. (PC-cf b, c) . The prosimian VNO (e, adult mouse lemur) has a thick medial sensory epithelium (SE) and a thin lateral receptor-free epithelium (RFE). In contrast, human VNOs ( f, g, 2-y-old human) have homogeneous, ciliated (solid arrows) epithelium on all sides. The human VNO has numerous glands ( g*) that communicate with the lumen and mucussecreting cells in the VNO epithelium itself (note the blue, apical inclusions around the VNO perimeter in g). Bars : a, b, 500 µm; c, d, 600 µm; e, 100 µm; f, 50 µm; g, 100 µm. Gomori trichrome\PAS-Alcian blue, section thickness 15-25 µm.
There are other primates (Smith et al. 2001 ) and bats (Cooper & Bhatnagar, 1976) which have no vestige of the VNO. Their anterior septal gland secretions also have to be discharged into the nasal chamber. In the bat Eptesicus fuscus, the small anterior nasal septal gland duct opens into the nasal vestibule above the paraseptal cartilage (Reep & Bhatnagar, 2000, fig. 4n2 C) . The duct openings of man and Eptesicus, the big brown bat, have remarkable parallels, but the meaning of these similarities remains speculative. We conclude that the human VNO is an regressive organ that has assumed a ductal function in its present form.
The human VNO develops from a medial epithelial thickening in the developing nasal sac, the vomeronasal primordium (Fig. 7 a) . In later development, both prenatally and postnatally, human VNOs are tubular structures (Figs 1-4, 7 b, f, g ) that open into the nasal chamber through anterior openings. This morphology is similar to that of chimpanzees (Fig.  7 c) , but differs from that of most primates, such as the prosimian Otolemur (Fig. 7 d ) . In another prosimian, the adult mouse lemur, Microcebus, the VNO comprises a thick medial sensory epithelium and a thinner, lateral, receptor-free epithelium (Fig. 7 e) . In contrast human VNOs have homogeneous discontinuous ciliated epithelium on all sides (Figs 7 f, g ). That humans possess a pheromone-activated vomeronasal system has been considered highly controversial and inconclusive because of the lack of neural support in the adult (Dulac & Axel, 1995 ; Preti & Wysocki, 1999 ; Jacob & McClintock, 2000 ; Wysocki & Preti, 2000) .
Our comprehensive, ' cradle to grave ', morphological investigation of the human VNO indicates that it is nonchemosensory, that structures such as a vomeronasal cartilage (present as a homologue, the paraseptal cartilage), vomeronasal pit or vomeronasal vestibule must be discounted, and that anatomy textbooks, atlases and lexicons require correction. It is also apparent that many earlier investigators misidentified the VNO since its presence can only be established with certainty by means of serial histology. In the final analysis, the human VNO turns out to be a viable structure, so unique, so unparalelled in its morphology, that at present its only competitor is the VNO in the chimpanzee (Smith et al. 2001) .
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